Background. Persons with prior sexually transmitted infections (STIs) are at high risk for reinfection. No recent studies have examined frequency with which persons are diagnosed and reported with multiple bacterial STIs over time.
In 2015, combined reported cases of syphilis, gonorrhea, and chlamydial infections, the 3 most common reportable bacterial sexually transmitted infection (STIs), reached the highest number ever in the United States [1] and in Massachusetts [2] . Persons with prior STIs are at high risk for reinfection [3] [4] [5] . However, no prior studies have measured the frequency with which persons within a population are diagnosed and reported with multiple types of STIs over time. Further examination across multiple types of STIs using surveillance databases, although limited to reportable bacterial STIs, may provide insight into individuals who have increased risk of health sequelae, represent a disproportionate share of STI morbidity, and may be core transmitters [6] .
Here, we describe cases repeatedly reported to the Massachusetts public health surveillance system with syphilis, gonorrhea, and chlamydial infections in order to characterize the proportion of reported STIs in cases with repeated infection and identify patterns of reinfection in cases with the greatest number of repeated infections within a population-based dataset.
METHODS
We analyzed the 2-year period from 28 July 2014 through 27 July 2016 to identify the frequency with which Massachusetts residents aged 13 to 65 years were reported to the state's public health surveillance system with a single STI vs repeated STIs. This 2-year period began at the completion of the Massachusetts Department of Public Health (MDPH), Division of STD Prevention surveillance system's migration from the STD*MIS platform [7] to the Massachusetts Virtual Epidemiologic Network (MAVEN), which is the MDPH Bureau of Infectious Disease and Laboratory Sciences' (BIDLS) secure, web-based, integrated surveillance and case management system [8] . MAVEN stores and manages data for all communicable diseases reportable in Massachusetts. Seventy-two of 74 licensed clinical laboratories in Massachusetts use electronic laboratory reporting (ELR); 92% of reportable STIs are submitted directly from clinical laboratories into MAVEN via ELR, providing high confidence in complete identification of cases with laboratory evidence of syphilis, gonorrhea, and chlamydial infections.
MAVEN is a person-based system that uses deduplication criteria based on name, date of birth, and address either to automatically merge individual person records based on a high level of concordance or to flag the record for assessment by staff. For both chlamydial infection and gonorrhea, any subsequent disease event reported within 30 days was deduplicated and removed from analysis, per Centers for Disease Control and Prevention (CDC) guidance [9] . All infectious syphilis events (primary, secondary, or early latent syphilis) [10] were individually reviewed to determine accurate merging or deduplication based on clinically informed case attributes.
Additional analyses were performed on a sample restricted to cases with at least 5 reported STIs (high-volume repeaters) during the 2-year period. Descriptive assessments of age, race/ ethnicity, gender of sex partners, combinations of STIs, human immunodeficiency virus (HIV) infection status, contact with state field epidemiologists (who provided partner services, health education, and harm-reduction counseling), and the diagnosing clinical system (defined as a network with shared access to clinical and laboratory information) were conducted on the overall sample and stratified by gender. P values were calculated using Fisher exact test. HIV status was verified through a comparison of STI surveillance data, with cases reported to the Massachusetts Enhanced HIV/AIDS Reporting System (eHARS, CDC). The match was conducted using SAS (SAS Institute, Cary, North Carolina) with a multistep approach that began with an exact match algorithm (first name, last name, date of birth, sex, alias names, alias date of birth), followed by different variations of Soundex, and date of birth combinations (eg, match on month and year only, rather than exact day of birth). Output was manually reviewed to confirm true matches. HIV status was further categorized as having an HIV infection diagnosis date prior to 28 July 2014, during the period 28 July 2014 through 19 May 2017 (when the dataset was frozen for this analysis), or not ever known to be HIV infected.
Analyses were performed using SAS, version 9.3. This work was conducted for surveillance and surveillance evaluation purposes, involved no patient contact, and was not considered to represent human research.
RESULTS
Among the Massachusetts population aged 13-65 years (4 847 510 persons), 49 142 cases (1.0%) were reported with at least 1 STI within the 2-year period ( Figure 1 and Table 1 ). Among those with any STI reported, 6999 (14.2%), or 0.1% of Massachusetts population aged 13-65 years, had more than 1 STI in the 2 years and accounted for 27.7% of the STIs reported (Table 1) . A larger percentage of women (1.2%) compared to men (0.8%) aged 13-65 years were reported as having at least 1 STI in the 2 years. Among men with any STI reported, 3100 (15.6%, or 0.1% of men aged 13-65 years) had more than 1 STI in the 2 years and accounted for 30.7% of reported STIs in men. Among women with any STI reported, 3895 (13.4%, or 0.2% of women aged 13-65 years) had more than 1 STI in the 2 years and accounted for 25.7% of reported STIs in women (Table 1) .
More men than women were reported with 5 or more STIs (high-volume repeaters) in the 2-year period; 118 (74%) were men, 42 (26%) were women, with no transgender cases identified. Men and women who were high-volume repeaters differed significantly on a number of characteristics (Table 2) . Women were younger (only 1 was aged ≥30 years), predominantly nonwhite, and had no known same-sex contacts. Men, on the other hand, spanned the age spectrum, were predominantly non-Hispanic white, and the majority (87%) reported same-sex contacts. Women were repeatedly reinfected with gonorrhea and chlamydia or chlamydia alone; none were reported with infectious syphilis. None of the women with 5 or more STIs were known to be coinfected with HIV either prior to or during this time period or in the 10 months after. All men reported with infectious syphilis also had episodes of gonorrhea and/or chlamydia during the time period; 26% were HIV coinfected prior to and 9% were diagnosed with HIV during this time period or in the 10 months after. Because most of the high-volume repeaters did not have infectious syphilis or HIV coinfection, the priority diseases for which active field follow-up takes place in our jurisdiction, most were never offered interview by our field epidemiologists for partner services, health education, and harm-reduction counseling. Of the 15 cases interviewed, none specifically named another one of the high-volume repeaters as a contact. The majority (56%) of the high-volume repeaters were also diagnosed with STIs at more than 1 clinical system during the time period (Table 2) .
DISCUSSION
A small fraction (1.0%) of the Massachusetts population aged 13-65 years was reported with a notifiable bacterial STI in a 2-year time period during 2014-2016. Of those reported with an STI, 14.2% had more than 1 STI. Cases repeatedly infected comprised 0.1% of the Massachusetts population yet accounted for 27.7% of reported STIs in this 2-year period. To our knowledge, this is the first study to measure the frequency with which persons within a geographic area's population-based dataset are diagnosed and reported with multiple bacterial STIs over time. Public health surveillance of STIs traditionally monitors numbers and rates of case reports within siloed disease categories. At the national level, reporting of STIs is stripped of personal or unique identifiers, making individual linkage of multiple or different types of infections impossible. However, at the state and local jurisdictional levels, surveillance is done with personal identifiers preserved, so matching across datasets is possible and, with person-based surveillance systems such as MAVEN, even more easily accomplished.
Among high-volume repeaters, a smaller number of men within our population contributed a larger proportion of reported STIs, and many more men were reported as having 5 or more STIs compared to women, despite higher rates of STI screening of asymptomatic women. 1 The gender-associated differences apparent among high-volume repeaters point to several known disparities in STI epidemiology; younger, nonwhite women and men who have sex with men bear a disproportionate burden of STIs. 1 Detailed information was only available from cases who had infectious syphilis or STI-HIV coinfection (the priority diseases for which active field follow-up takes place in our jurisdiction), who were located, and who consented to interview by our field epidemiologists. Among the few cases interviewed (15, or 9% of high-volume repeaters), none named any of the other high-volume repeaters as sexual contacts, which leaves the size of the sexual network open to speculation. We know from cross-referencing with our HIV dataset that 65% of the men and all of women with 5 or more STIs had not yet been identified as infected with HIV at the time of this analysis and represent prime candidates for biobehavioral interventions such as intensive behavioral counseling as recommended by the US Preventive Services Task Force [12] or possibly HIV preexposure prophylaxis (PrEP) as recommended by the US Public Health Service [13] . Through this analysis of high-volume repeaters, we were also able to determine that single clinical care providers would not have known the full extent to which STI frequent repeaters were reinfected. For many of these patients (56%), their STI diagnoses were made in different clinical systems. Fragmentation of clinical care implies that only the infected person and public health surveillance know the extent of reinfection. Therefore, public health agencies have a unique role in acting on this information. Identification of STI repeaters is the first step; the second step must be outreach before intervention can occur, because we need a greater understanding of why these cases are repeatedly infected before we can intervene. At this point, we can only speculate that multiple infections were not a significant enough deterrent to outweigh the biology, behaviors, or social contexts that placed these persons at risk for multiple infections. Our lack of understanding also means that we know little about how best to intervene with these cases. If we were to reconceptualize these cases as having chronically poor sexual health rather than a series of acute STIs, the interventions we choose might be different, based on interventions that are more successful in ameliorating effects of chronic rather than acute conditions. Chronic disease prevention activities might include environmental approaches to make healthy choices the default choices (eg, greater visibility and access to condoms across school, work, home, and healthcare settings or messaging that specifically builds demand for barrier protection for STI prevention and PrEP for HIV prevention as part of routine sexual health), health systems interventions (eg, providing feedback and techniques to clinicians based on outcomes such as repeated STIs and implementing team-based approaches to managing sexual health), and improving community-clinical No high-volume repeaters were aged >59 years. c White, black, and other non-Hispanic include those with unknown or unreported ethnicity. Other race categories may include Asian/Pacific Islander, American Indian/Alaskan native, multiracial, and those reported as "Other. " Hispanics can be of any race. links (eg, community care coordination based on approaches used for diabetes and HIV) [14] . An alternate theoretical framework for classifying prevention interventions for chronic poor sexual health might be to group the interventions as follows: demand-side interventions that improve risk perception and awareness and acceptability of prevention approaches, supply-side interventions that make prevention products and procedures more accessible and available, and adherence interventions that support ongoing adoption of prevention behaviors in order to ensure that interventions reach core transmitters at scale, with high quality and intensity [15] .
The idea that persons with repeated STI infections represent an important population for study, outreach, and intervention is not new. Repeated infections confer an increased risk of STI sequelae, and repeaters account for disproportionate usage of clinic visits and resources and a disproportionate share of STI morbidity. 6 The extent to which repeaters are part of a core group of persons with whom intervention and prevention of STIs would lower a community's STI rates more than prevention among those less often affected by STIs also has intrigued clinicians and public health practitioners for decades [16] . However, estimating the proportion of STI transmission in the total population that is directly or indirectly attributable to repeaters has been difficult. Though empirical analytic methodologies are limited in determining this fraction, mathematical modeling of transmission dynamics can shed light on this issue and highlight the relative importance of this group as a focus for prevention interventions such as repeated screening or vaccination [17, 18] . Our analyses are limited by underestimation either of the true number of STIs or of the number of cases repeatedly infected with STIs. First, we only examined the 3 most common bacterial STIs that are notifiable to state and local health departments. Second, case ascertainment was only for a 2-year period, and both single and multiple bacterial STIs could have occurred in identified cases outside of the truncated period or outside of our state surveillance system, leading to underestimation of who is repeatedly infected during periods of sexual activity. Third, since reporting to a public health facility is a function of both infection and healthcare access for diagnosis, we are underestimating true incident bacterial STI. In Massachusetts, however, healthcare access is less of an issue because the state's uninsured rate consistently ranks lowest in the country [19] . We also restricted analyses of characteristics of those with repeated infections to only the highest-volume repeaters who had at least 5 reported bacterial STIs because race/ethnicity, gender of sex partners, and diagnosing clinical systems were often incomplete in our surveillance system for those with 2-4 reported STIs.
Regardless, these limitations do not detract from our central conclusions, which are that a significant proportion of bacterial STIs are reported from a small subpopulation, many of whom have been repeatedly infected and, therefore, are likely to have a disproportionately high impact on circulating STI-HIV within the population. In addition, we found that cases with the highest volume of repeat infections may be hidden from clinicians and clinical systems due to fragmented care; therefore, public health may play a crucial role in identifying and reaching these cases.
Notes

